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CHAPTER 3
Microphase separation in asymmetric
multiblock copolymer melts:
Mean-field approximation
In this chapter we will generalize the analysis given in the previ-
ous chapter for fully symmetric two-length-scale multiblock copo-
lymers to the corresponding asymmetric polymers, where the asym-
metry is the result of the different lengths of the tail blocks. The
middle multiblock copolymer remains as before fully symmetric.
Complex phase diagrams are found in the ( f ,χN) plane for vari-
ous values of the architecture parameters n and m.
3.1. Introduction
In the previous chapter dealing with the symmetric system the general proce-
dure to obtain phase diagrams has already been discussed in some detail. Now
we proceed to the general case of molten block copolymers with f , 0.5,
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which enables us to study the inuence of the tail (homopolymer end block)
asymmetry on the phase behavior. Obviously, due to symmetry we can restrict
ourselves to the interval 0 ≤ f ≤ 0.5. However, before going to the analysis, it
is good to realize that the asymmetric systems differ in one essential way from
the symmetric ones. Whereas in the latter, within the mean-eld approach, all
order-disorder transitions occur as second order transition, this is no longer
the case here. But, to remain within the range of validity of the WST we
need to be close to a critical point where at the transition point the amplitude
of the periodic concentration prole is still small enough to allow a Landau
free energy expansion. For 0 ≤ f ≤ 0.5, there exists a critical surface in the
( f , n,m) space which can be found from
Γ3(q1, q2, q3, f , n,m) = 0 (|qi| = q∗, q1 + q2 + q3 = 0) (3.1)
where the coefficient α in the free energy expansion (2.8) equals zero.
In Figure 3.1 the critical surface calculated is presented. For every 0 ≤
f < 0.5 we nd a line of critical points. It consists of two branches, an upper
branch corresponding to the larger values of m describing critical points for
the long length scale and a lower branch that corresponds to the short length
scale. The critical surface is obtained by combining all 0 ≤ f < 0.5. As
explained in the previous chapter, when f → 0.5 the absolute value of the
cubic coefficient α approaches zero for all values of the parameters n and m
and, therefore, the critical points surface in this case becomes the whole plane
(n,m)-plane. Similarly, for every value 0 ≤ f ≤ 0.5, the so-called classica-
tion diagram delineating the region within which the scattering function has
two maxima, can be calculated. It is also presented in the (n, f ,m) space, see
Figure 3.1.
3.2. Phase diagrams
To discuss the role of the end blocks asymmetry we calculated the phase
diagrams for asymmetric systems for values of f in the vicinity of the critical
point f = 0.5 where WST is supposed to be still valid. Furthermore, we
selected architectural parameters for which the systems are located outside the














Figure 3.1: The characteristic surfaces in the (n, f ,m) space for
asymmetric multiblock copolymers. The dashed, dotted and solid
wire surfaces are the critical, bifurcation and equimaxima surface,
respectively. The solid line with dots shows variation of the
bifurcation point as the parameter f varies from 0.5 to 0.
bifurcation region. In Figure 3.2 dashed lines delineate the region in (n,m)-
space formed by the projection of the bifurcation regions for all 0 ≤ f ≤ 0.5
onto the (n,m)-plane. To discuss the phase behavior of asymmetric systems
we x two sets: n = 3 and n = 10 and vary m as indicated in Figure 3.2. Note,
n = 3 is to the left of the bifurcation region and, hence, we will not cross
the bifurcation region for increasing values of m. On the other hand, n = 10
is to the right of the bifurcation point and on increasing m, we will cross the
bifurcation region. In Figure 3.2 the different ordered states of the symmetric
f = 0.5 systems are indicated to demonstrate that the values of m selected for
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n = 10 actually are within all the different ordered states regimes found for
the symmetric system. In fact, the values of m for n = 10 are chosen in such
a way that for the corresponding symmetric system there exist different stable
phases.
Figure 3.2: The dots in this gure correspond to the values of the
structural parameters n and m, for which the phase diagrams in the
( f , χN) plane are presented in the subsequent gures. Solid lines
indicate the ODT phase diagram for the symmetric systems. Dashed
lines delineate the projection of the bifurcation region into (n,m)
plane. The dotted and top dashed line demarcate the region where
the double gyroid (DG) phase is stable for some value of f ∈ (0, 0.5).
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Figure 3.3: Phase diagrams in the ( f , χN) plane for asymmetric
systems with n = 3 and various tail block lengths: (a) m = 1.5 and
m = 2 (dashed and solid lines respectively); (b) m = 2.8 and 3.4
(solid and dashed lines respectively). Phase diagrams depicted with
dashed lines have only conventional phases. Note that the BCC and
HEX phase lines in these diagrams are very close to each other.
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Phase diagrams for the set n = 3 are plotted in Figure 3.3. The main
observation is the existence of a range of m values where the double gyroid
phase (DG) is stable in the vicinity of the critical point. When the number of
diblock units in the middle part is not large, the length scale of microphase
separation changes gradually upon varying the length of the tail blocks.
For larger values of n the phase behavior changes. Upon changing the
relative length of the tail blocks m for n = 10 the systems exhibit a consider-
ably larger set of characteristic phase diagrams, as shown in Figures 3.43.6.
For n = 10 the equimaxima line in the bifurcation region is crossed when
changing the parameter m (see Figures 2.3, 3.2), which results in an abrupt
change of the phase diagram topology. We start with m = 1.6, where the
stable phases are the conventional short scale ones (BCC, HEX and LAM,
see Figure 3.1a). This is quite understandable. Indeed, if the total length of
the tail blocks is not large as compared to the length of the middle multiblock
part, then only the short length scale ordering should occur and the phase
diagram should resemble that of periodic multiblock copolymer melts [30].
Upon increasing the total length of the tail blocks, however, the system starts
to behave like a linear ABC block copolymer with a long nonselective middle
block. Accordingly, microphase separation occurs at the large length scale.
For the systems with values of m just slightly above the bifurcation region
large values of χN are required for the SG and FCC structures to be stable.
Therefore, the WST predictions are questionable for these phases. Hence,
we plot phase diagrams for larger values of m, which are far beyond the
bifurcation region. Here various non-conventional cubic symmetry structures
appear within the region of the WST validity (see Figures 3.4b3.6). Figure
3.6f corresponds to m = 10, where the middle multiblock has the same length
as both tail blocks together. The phase diagram for this composition, as well
as for larger values of m, belongs to the same universality class as that for
diblock copolymer. The border of the BCC phase in the latter system is very
close to the border of the HEX phase on the scale used. The region of DG
phase stability for some value of f in the (n,m)-plane is depicted with dotted
and top dashed line in Figure 3.2.
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Figure 3.4: Phase diagrams in the ( f , χN) plane for asymmetric
systems with n = 10 and (a) m = 1.6, (b) m = 3.5. Regions of
stability of different phases are labeled with corresponding letters.
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Figure 3.5: Phase diagrams in the ( f , χN) plane for asymmetric
systems with n = 10 and (c) m = 4.2, (d) m = 5.
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Figure 3.6: Phase diagrams in the ( f , χN) plane for asymmetric
systems with n = 10 and (e) m = 6, (f) m = 10.
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The dependence of the inverse length scale of microphase separation as
a function of the asymmetry parameter f for n = 10 and m = 1.6, 3.5,
4.2, 5, 6 and 10 is shown in Figure 3.7. Here Q∗ = (q∗Rg(N))2 and the
corresponding length scales can be found from D/Rg(N) = 2pi/
√Q∗. The top
line corresponds to m = 1.6, which is below the bifurcation region, whereas
the line just below it corresponds to m = 3.5, which is above the bifurcation
region. The plot clearly shows the dramatic change in length scale when the
parameters of the system cross the bifurcation region. The phase behavior for
larger values of n is qualitatively similar to that for n = 10.
Figure 3.7: Plot of the dimensionless inverse length scale of
microphase separation vs the asymmetry parameter for the set n =
10. From top to bottom: m = 1.6, 3.5, 4.2, 5, 6 and 10. Here
Q∗ = (q∗Rg(N))2 and the corresponding length scales can be found
from D/Rg(N) = 2pi/
√Q∗.
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Recently, for the system with n = 3 and m = 2 calculations were per-
formed using self-consistent mean eld theory [65], see Figure 3.8. It is
important to note that all phases found are so-called inverse (IBCC, IHEX,
etc.) large scale structures. The word inverse is used to indicate that the
longest end block segregates inside the domains, whereas the shortest end
block together with the middle multiblock part forms the matrix. The concept
of inverse phase behavior can be simply understood from the behavior of
the third order vertex function for the multiblock copolymer system under in-
vestigation compared with that of the conventional diblock copolymer system,
see Figure 3.9.
Figure 3.8: SCFT phase diagram for the system n = 3, m = 2
calculated in ref. [65]. Dashed lines indicate the weak segregation
phase diagram.
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In order to minimize the third order contribution (2.10) all phases should
be equal to zero if γ3 < 0 and they should all be equal to pi if γ3 > 0, that is
α ∝ −|γ3|. The symmetry does not change if we change all phases from 0 to
pi. On the other hand, the interchange of A and B monomers is equivalent (for
incompressible systems) to replacing the order parameter ΨA by ΨB = −ΨA.
Therefore when γ3 changes its sign it means that instead of A domains in
matrix B we get B domains in matrix A and vise versa. This should be taken
into account when one applies the self-consistent eld theory for calculation
of phase diagrams at both sides of the critical point.
Figure 3.9: Plot of the third order vertex function (normalized by the
system volume) vs asymmetry parameter f for the diblock (dashed
line) and multiblock with n = 3 and m = 2 (solid line).
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3.3. Concluding remarks
It is shown that the predictions of the classical weak segregation theory of
microphase separation as applied to some specially designed binary AB block
copolymers are not limited to the conventional phases of lamellar, hexagonal
and body-centered structures. As exemplied by the results presented in this
chapter and the previous one, the phase behavior of A f mN-b-(BN/2-b-AN/2)n-b-
B(1− f ) mN block copolymers is much richer than that of simple diblock copoly-
mers [5, 36], even in the rst harmonic approximation of the weak segregation
regime. If the number n of elementary diblock units forming the middle multi-
block part of the macromolecules exceeds 2, there is a region in the (n,m, f )
space where the (double) gyroid phase stays stable in a certain temperature
interval up to the very critical point f = 0.5. For n > 3 there are regions
in the (n,m) plane, where the non-conventional cubic phases FCC, SC or the
non-centrosymmetric single gyroid phase (so-called BCC2 [40]) replace the
LAM phase as the most stable low-temperature phase. For n > 5 a continuous
change of m results in an abrupt jump not only in the symmetry but also in
periodicity of the ordered phases, which is the most transparent manifestation
of the two-length-scale nature of the system. Obviously, numerical problems
would make it hard to discover such a phase transition with an enormous
change in periodicity via a brute force application of the SCFT [36]. How-
ever, the presented WST analysis makes it both possible and necessary to
generalize the existing SCFT to systems with two-length-scale switching.
Another important issue is which new morphologies can appear in the vicinity
of the equimaxima line, where the contributions of the Fourier components of
the order parameter with two different wave lengths are comparable (see ref.
[22]). The two problems may interplay when modifying the SCFT to study
the evolution of the structures occurring in the symmetric system ( f = 0.5) at
the ODT with decreasing temperature until microphase separation occurs on
both length scales.
To conclude, we believe that the phenomenon of the two-length-scale
switching between the different ordered morphologies reported in refs. [17,
18] and [19] as well as in the this thesis is to be expected in various copolymer
systems characterized by a two-length-scale compositional inhomogeneity.
